Cognitive or intellectual investment theories propose that the development of intelligence is partially influenced by personality traits, in particular by so-called investment traits that determine when, where, and how people invest their time and effort in their intellect. This investment, in turn, is thought to contribute to individual differences in cognitive growth and the accumulation of knowledge across the life span. We reviewed the psychological literature and identified 34 trait constructs and corresponding scales that refer to intellectual investment. The dispositional constructs were further classified into 8 related trait categories that span the construct space of intellectual investment. Subsequently, we sought to estimate the association between the identified investment traits and indicators of adult intellect, including measures of crystallized intelligence, academic performance (e.g., grade point average), college entry tests, and acquired knowledge. A meta-analysis of 112 studies with 236 coefficients and an overall sample of 60,097 participants indicated that investment traits were mostly positively associated with adult intellect markers. Meta-analytic coefficients ranged considerably, from 0 to .58, with an average estimate of .30. We concluded that investment traits are overall positively related to adult intellect; the strength of investment-intellect associations differs across trait scales and markers of intellect; and investment traits have a diverse, multifaceted nature. The meta-analysis also identified areas of inquiry that are currently lacking in empirical research. Limitations, implications, and future directions are discussed.
The primary question this article addresses is the extent to which personality traits, and specifically so-called intellectual investment traits, are associated with intelligence in adulthood. The article is organized in four sections. In the first section, we describe the investment theory as a framework for understanding intelligencepersonality associations. In the second section, we review existing investment trait constructs and scales from the psychological literature. In the third section, we use a meta-analysis procedure to estimate the associations between investment traits and markers of adult intelligence. In the fourth and final section, we summarize major conclusions and limitations of the current research, and we offer suggestions for future investigations.
Theoretical Framework

Intelligence-Personality Associations
Intelligence and personality traits have several characteristics in common. For example, they both refer to cognitive, affective, and behavioral differences that are quantifiable through standardized psychometric instruments (e.g., Funder, 2001) ; both are genetically influenced, albeit to different degrees (e.g., Plomin, DeFries, McClearn, & McGuffin, 2008) ; both show relative temporal stability and are thought to manifest as stable patterns of behavior across the life span (e.g., Caspi, 2000; Deary, Whalley, Lemmon, Crawford, & Starr, 2000) ; and finally, both are associated with individual differences in a wide range of outcomes, including educational and occupational performance, health, and longevity (e.g., Calvin, Batty, & Deary, 2011; Judge, Higgins, Thoresen, & Barrick, 1999; Poropat, 2009) .
Notwithstanding these similarities, intelligence and personality constructs also differ-notably in their assessment. Intelligence tests are designed to assess maximal performance, or what a person can do, whereas personality measures capture general tendencies of behavior, or what a person typically does (Cronbach, 1949; Fiske & Butler, 1963; Wallace, 1966) . In line with this disparity, psychometric assessment tools for intelligence and personality differ in their design, administration, and test completion instructions: For intelligence tests, examinees are instructed to do their best, but personality measures ask for candid, truthful responses (Zeidner & Matthews, 2000) . That is, they have no "correct" answers, but individuals are to respond as they typically act or feel. Furthermore, intelligence is unidirectional and ranges from "little of" to "much of"; by contrast, most personality traits are thought to be bidirectional, with opposing poles of extreme dispositions (Zeidner & Matthews, 2000) . Also, intelligence and personality measures are traditionally validated with different sets of criteria, even though both constructs are associated with most outcome variables, such as health, longevity, and occupational and academic attainment (Judge et al., 1999; Roberts, Kuncel, Shiner, Caspi, & Goldberg, 2007; von Stumm, Hell, & ChamorroPremuzic, 2011; Weiss, Gale, Batty, & Deary, 2009 ). Nonetheless, personality measures are often employed to predict clinical, interpersonal, and intrapersonal outcomes, whereas intelligence tests are typically used to forecast achievement outcomes, such as academic and occupational performance (but see Wechsler, 1958 , for an alternative approach). Finally, it has been suggested that the distinction between intelligence and personality is not merely historical convention or a methodological matter but reflects different kinds of evolutionary selection pressures that have shaped both character dimensions (Penke, Denissen, & Miller, 2007) .
This (admittedly nonexhaustive) list of similarities and differences between intelligence and personality has led researchers to adopt one of three theoretical perspectives on intelligencepersonality associations (von Stumm, Chamorro-Premuzic, & Ackerman, 2011) . The first approach assumes conceptual and empirical independence of both constructs and, hence, recommends studying intelligence and personality with distinctive methods, in separate contexts, and following different research agendas. The second perspective suggests that personality traits influence performance on intelligence tests, emphasizing an association at the measurement level (e.g., a perfectionist's trade-off between accuracy and speed; Slade, Newton, Butler, & Murphy, 1991) . Finally, the third perspective postulates a relationship at the conceptual level. Here, personality traits are thought to guide how, when, and where individuals apply and invest their intelligence, thereby shaping their cognitive development across the life span. It is this third approach that informs the theoretical rationale of the current study.
Investment Theory
On the basis of his extensive review of the "general muddle" (p. 161) that characterized-and continues to characterize-definitions of intelligence, and on the observation of age-related performance changes in specific cognitive ability tests (e.g., Jones & Conrad, 1933 ; see also Salthouse, 1991) , Cattell (1943) concluded that "adult mental capacity is of two kinds" (p. 178): Fluid intelligence, or the general ability to discriminate, comprehend, and reason, increases until adolescence and declines thereafter, whereas crystallized intelligence "consists of discriminatory habits long established in a particular field, originally through the operation of fluid ability, but no longer requiring insightful perception for their successful operation" (Cattell, 1943, p. 178) . Accordingly, Cattell proposed that fluid intelligence transforms into crystallized intelligence over time. In a more explicit vein, Hayes (1962) suggested that intelligence equaled the totality of knowledge that was accumulated through the application of experience-producing drives: "Manifest intelligence is nothing more than an accumulation of learned facts and skills; and . . . innate intellectual potential consists of tendencies to engage in activities conducive to learning, rather than inherited intellectual capacities, as such" (p. 337). In Hayes's perspective, individual differences in intelligence resulted from genetic variations in the drive to learn, which in turn led to differential experiences. Building on Cattell's and Hayes's ideas, Ackerman (1996) introduced the model of intelligence-as-process, personality, interests, and intelligence-as-knowledge (PPIK), suggesting a causal linkage from intelligence-as-process to intelligence-as-knowledge. Intelligence-as-knowledge is thought to form the core of adult intellect and comprises the "dark matter" of adult intelligence (Ackerman, 2000) . The PPIK framework emphasizes that the transition from process to knowledge is influenced by personality traits and interests (Ackerman, 1996) , in particular by so-called intellectual investment traits (Ackerman & Heggestad, 1997; Goff & Ackerman, 1992 ; for interest associations, see Ackerman, 1996) . Intellectual investment traits are defined as "stable individual differences in the tendency to seek out, engage in, enjoy, and continuously pursue opportunities for effortful cognitive activity" (von Stumm, Chamorro-Premuzic, & Ackerman, 2011, p. 225) . Accordingly, investment traits are likely to explain interindividual differences in the pursuit of learning opportunities, such as visiting museums and galleries, solving riddles and puzzles, and reading newspapers (cf. von Stumm, 2012) . Alternatively, investment traits may help people to construct experiences-exotic or mundane-in a cognitively stimulating manner prompting mental development and growth (Kashdan, Rose, & Fincham, 2004; Stine-Morrow, 2007) . Thus, whereas investment traits are recognized to refer to relatively stable individual differences in the propensity to seize learning opportunities, directly observable investment behaviors (e.g., going to the theatre) are not clearly defined. Hayes's experience-producing drives and Ackerman's investment traits evidently refer to the same thing: a general learning orientation, or, more colloquially, the hunger for knowledge. However, Hayes viewed learning orientation as the only source of individual differences in intelligence, whereas Ackerman's theory has room for reciprocal effects of intelligence-as-process, investment traits, and interests to explain differences in intelligence-asknowledge. Notwithstanding these theories, the causal order of variables might be reversed in two ways. In the first way, it is plausible that higher levels of intelligence enable people to pursue learning experiences, and thus, level of ability precedes the development of investment traits (see, e.g., Holland, 1959 , regarding the interactive developments of personality, interests, and intellectual competence). Here an association between investment traits and adulthood intelligence may be fully explained by general intelligence (e.g., Gow, Whiteman, Pattie, & Deary, 2005) . In the second way, greater knowledge may prompt learning engagement because it produces hunger for even more knowledge to fill information gaps or reduce uncertainty (e.g., Kang et al., 2009) . It seems most plausible to us that intelligence and investment traits develop interactively and share reciprocal influences that ultimately affect adult intellectual development. Although investment theories unanimously advocate that intelligence or "the capacity for knowledge" is an ongoing process that transforms into adult intellect or "knowledge possessed" (Henmon, 1921, p. 195) , the underlying mechanisms of this transformation are unknown. Most longitudinal studies on the development of adult intelligence-such as Bayley's (1928 , as cited in Eichorn, 1973 Berkeley Growth Study, Schaie's (2005) Seattle Longitudinal Study, and Terman's (1921 , as cited in Terman & Oden, 1959 ) study of gifted childrenfocused on age-related changes in cognitive ability. For example, data from the Seattle Longitudinal Study confirmed the relative stability of crystallized intelligence across the adult life span, whereas the fluid-type abilities declined noticeably with increasing 1 We thank an anonymous reviewer for highlighting this point. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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age in adults (Schaie, 2005) . However, the Seattle Longitudinal Study did not assess investment traits, even though some personality traits were measured (Schaie, 2005; Schaie & Parham, 1976) . To date, many research efforts have gone into evaluating cognitive development or decline in adulthood, but no longitudinal study has tested how investment traits affect the development and nature of intellect in a sample representative of the general adult population (von Stumm, Chamorro-Premuzic, & Ackerman, 2011) . Preliminary evidence for investment theories comes from previous meta-analyses (Ackerman & Heggestad, 1997; von Stumm, Hell, & Chamorro-Premuzic, 2011 ) and numerous empirical studies (e.g., Ackerman, Kanfer, & Goff, 1995; Cacioppo, Petty, & Morris, 1983; Furnham, Swami, Arteche, & Chamorro-Premuzic, 2008; Goff & Ackerman, 1992; von Stumm & Deary, 2012) . However, most of these studies focused on one particular investment trait scale (e.g., Typical Intellectual Engagement) and its association with one particular indicator of adult intellect (e.g., crystallized intelligence). Here we review investment trait constructs in the psychological literature, and test the strength and direction of their relationship with several markers of adult intellect.
Review of Investment Trait Scales and Constructs
Investment Trait Search
An abundance of measures exist that capture individual differences in the desire to comprehend and engage in intellectual problems, such as Intellectual Efficiency (Gough, 1953) , Need for Cognition (Cacioppo & Petty, 1982) , and Typical Intellectual Engagement (Goff & Ackerman, 1992) , to name a few. It has been claimed that many of these scales comprise "isolated personality measures . . . with no linkage to any personality theory" (Ackerman & Heggestad, 1997, p. 222) . It is our aim here to undertake a unifying research endeavor to identify, aggregate, and analyze investment traits that have occurred throughout the psychological literature. To this end, we consulted publications dating from 1900 to 2011 for traits that referred to "the tendency to seek out, engage in, enjoy, and continuously pursue opportunities for effortful cognitive activity" (von Stumm, Chamorro-Premuzic, & Ackerman, 2011, p. 225) . To identify relevant trait scales and constructs, we traced the development of early theories in intelligence and personality research. Specifically, our search was not guided by Boolean special terms (i.e., no adequate search terms were known) but by broadly surveying the history of individual-differences literature. Cross-referencing ensured that no relevant scales were overlooked. To allow for the broadest possible search and review, we included constructs that only partially addressed "cognitive activity" but perhaps described more accurately seeking opportunities to engage in "novel activity," such as Cloninger's (1994) Novelty Seeking Scale. Furthermore, we included constructs that were originally conceived to assess the lower end or opposite of an investment trait dimension, such as Intolerance for Ambiguity (e.g., Frenkel-Brunswik, 1949) and Need for Closure (Kruglanski, 1989; Kruglanski, Webster, & Klem, 1993) , both of which focus on the tendency to avoid ambiguous or uncertain emotional and cognitive situations. However, this review excluded trait constructs and scales that exclusively referred to motivation, ambition, self-discipline, or entity theories of self (e.g., Duckworth & Seligman, 2005; Dweck & Leggett, 1988) . That is, care was taken not to include traits that predominantly assess goal striving in achievement contexts rather than the tendency to pursue learning opportunities. Table 1 shows the complete list of the 34 identified trait constructs, respective authors, and personality taxonomies where applicable; construct description; and corresponding example items. Considering their communal definition, it is perhaps not surprising that the recognized trait scales have by and large similar conceptual roots and even share semantic resemblances (Mussel, 2010; von Stumm, Hell, & Chamorro-Premuzic, 2011; Woo, Harms, & Kuncel, 2007) . The vast number of identified trait scales highlights the long-standing research interest in and, hence, the importance of mapping the investment personality space. Furthermore, the multitude of identified investment traits exemplifies the difficulty of, and necessity for, a comprehensive review of this research area.
Identified Investment Traits
The earliest identified scale dates back to 1938 (Murray's Information Need; Murray, 1938) , 2 and the most recent scale development was published in 2006 (Social Curiosity; Renner, 2006) . All identified psychometric scales relied on a self-report measurement design, spanning Likert-type, ipsative, and dichotomous response formats. More than half the investment traits have been developed independently of a personality taxonomy and use a single assessment scale, such as Intellectence (Welsh, 1975) , Need for Cognition (Cacioppo & Petty, 1982) , and Typical Intellectual Engagement (Goff & Ackerman, 1992) . Exceptions were, for example, Absorption, which is most frequently associated with Tellegen's (1982) Multidimensional Personality Inventory but also with works by Elliot and Harackiewicz (1996) and Schaufeli, Martínez, Marques Pinto, Salanova, and Bakker (2002) ; and Intolerance for Ambiguity, which was originally conceived by Frenkel-Brunswik (1949) and later further developed, including novel assessment scales and alternative definitions of the construct space (Brengelmann & Brengelmann, 1960; Budner, 1962) .
With regard to the Five Factor Approach to personality, Openness to Experience (Costa & McCrae, 1992) and Intellect (Goldberg, 1982) , which are thought to cover the same personality space (Saucier, 1992) , have been most frequently studied as proxies for investment traits (Ackerman, 1996; Ackerman & Heggestad, 1997; Bates & Shieles, 2003; Beier, Campbell, & Crook, 2010; Chamorro-Premuzic & Furnham, 2006) . Openness to Experience spans six facets, including Fantasy (vivid imagination), Aesthetics (appreciation for art), Feelings (perceptive to emotions), Actions (novelty seeking), Ideas (intellectual curiosity), and Values (readiness to challenge preconceived notions; Costa & McCrae, 1992) . Recent brain imagining and behavior genetic research have suggested that Openness to Experience entails at least two distinct 2 We thank an anonymous reviewer for pointing out that even earlier Terman (1921 , as cited in Terman & Oden, 1959 included an assessment of "intellectual traits" in his longitudinal study of gifted children. The assessment comprised four items (i.e., desire to know, general intelligence, originality, and common sense), on which parents and teachers rated the gifted children. Even prior to Terman, personality traits were known to affect intellectual development (e.g., Webb, 1915) . However, none of these earlier studies assessed a trait construct that was specific to the investment personality space. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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I am interested in discovering how things work.
Perceptual Collins et al. (2004) 10 "The curiosity which leads to increased perception of stimuli" (Berlyne, 1954, p. 180) (Goldberg, 1982 Coined by Frenkel-Brunswik (1949, p. 113) as "one of the basic variables in both the emotional and the cognitive orientation of a person toward life"; accordingly, Walk (1950) designed the so-called A Scale.
There is more than one right way to do anything.
Budner ( This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Thinking dispositions Stanovich & West (1997) n/a Malleable cognitive styles with nine scales: flexible thinking, openness-ideas, openness-values, absolutism, dogmatism, categorical thinking, superstitious thinking, counterfactual thinking, and outcome bias.
A person should always consider new possibilities.
Thinking IntroversionExtraversion C. Evans & McConnell (1941) 151 Based on Guilford and Guilford's (1936) Introversion/Extraversion dimension; thinking introversion refers to preference for reflective, abstract thinking without external domination; thinking extraversion refers to preference for ideas of overt action, dominated by objective conditions and generally accepted ideas.
I enjoy thinking through complicated problems.
Thoughtfulness Guilford & Zimmerman (1949) , GZTS 30 Based on Thinking Introversion (see C. Evans & McConnell, 1941) , referring to reflectiveness, meditativeness, observing others, preference for thinking over overt activity, and philosophical inclination.
I enjoy thinking through complicated problems. This document is copyrighted by the American Psychological Association or one of its allied publishers.
lower order trait dispositions, often referred to as Openness on the one hand and Intellect on the other (e.g., DeYoung, Quilty, & Peterson, 2007; DeYoung, Samosh, Green, Braver, & Gray, 2009; Wainwright, Wright, Luciano, Geffen, & Martin, 2008) . Trait Intellect refers to a tendency for engaging in intellectually stimulating activities and is represented by the Ideas facet, whereas Openness is composed of artistic and contemplative qualities that are associated with the facets of Fantasy, Aesthetics, Feelings, and Actions. For example, DeYoung et al. (2009) showed that trait Intellect-but not Openness-was associated with brain activity in neural systems of working memory. They concluded that trait Intellect shares neuronal networks with intelligence, whereas Openness relies on brain circuits that are unrelated to cognitive ability. Similarly, trait Intellect has also been found to be influenced by the same genetic factors as intelligence and academic performance, which was not the case for Openness (Wainwright et al., 2008) . It follows that trait Intellect and Openness must be carefully differentiated to avoid obscuring associations with other variables (Mussel, Winter, Gelléri, & Schuler, 2011; von Stumm, Hell, & Chamorro-Premuzic, 2011) . However, most previous research has treated Openness to Experience as an undifferentiated higher order factor. It is therefore not surprising that Openness to Experience is inconsistently related to (fluid) intelligence (Ackerman & Goff, 1994; Ackerman & Heggestad, 1997; Noftle & Robins, 2007) , and has meaningful relationships with some markers of adult intellect but not with others. For example, three recent meta-analyses estimated the relationship of Openness and academic performance between .06 and .13 (M. C. O'Connor & Paunonen, 2007; Poropat, 2009; Trapmann, Hell, Hirn, & Schuler, 2007) , whereas Ackerman and Heggestad (1997) reported a metaanalytic correlation with crystallized intelligence of .30. Thus, associations of Openness to Experience with markers of adult intellect (or the lack thereof) do not invalidate the investment theory but encourage a more differentiated research approach to this Five Factor Approach trait dimension. In summary, then, a comparatively large number of investment trait constructs was identified from the psychological literature. These constructs and scales overlap substantially in their scope and psychometric design, but they also differ in their historical development and measurement emphasis.
Investment Trait Categories
To summarize the identified trait scales further, each of the authors-independently of one another-classified the identified investment trait scales into as many categories as they thought necessary. The classifications were based on the trait descriptions in Table 1 , and proposed categories were subsequently compared. The initial interrater agreement for the proposed trait categories was relatively low, at 60%. However, developing fixed categories of the investment scales is not without problems, considering their substantial overlap in content and their discrepancy in scope (some are relatively broad traits, others are relatively narrow). Disagreements in trait classification were later discussed and consentaneously solved in all cases. Overall, eight trait categories emerged (see Figure 1 and Appendix A).
A first category included the core of investment-that is, "the tendency to seek out, engage in, enjoy, and continuously pursue opportunities for effortful cognitive activity" (von Stumm, Chamorro-Premuzic, & Ackerman, 2011, p. 225 )-with two scales: Typical Intellectual Engagement and Need for Cognition. Both scales, which are highly intercorrelated and lack divergent validity (e.g., Woo et al., 2007) , may be thought of as the higher order dimension of investment. Their scale content and items equally emphasize the assessment of individual differences in the need to engage (cognitively) with and understand the environment. The next, perhaps most closely related trait cluster was identified as Intellectual Curiosity, which included 13 trait constructs that e This concept has only been theoretically discussed but was never translated into a testing or research reality.
f Cohen et al.'s (1955) original scale has been lost (see Cacioppo & Petty, 1982) .
g There are also 47-and 18-item versions of Cacioppo and Petty's (1982) Need for Cognition scale (Cacioppo, Petty, Feinstein, & Jarvis, 1996) . This document is copyrighted by the American Psychological Association or one of its allied publishers.
captured individual differences in the hunger for knowledge and engagement in cognitively stimulating activities. In contrast to the higher order investment trait category, the Intellectual Curiosity cluster strongly emphasized a preference for seeking out information or epistemic pursuits but referred to a lesser extent to a general desire to comprehend one's surroundings. A next category of Abstract Thinking included eight scales that described inclinations to engage in cognitive puzzles, problem solving, and theoretical contemplations. In comparison to the Intellectual Curiosity cluster, scales in this category appear to encompass an individual's engagement with precisely defined problems or riddles over intellectual exploration and free information seeking. The category Novelty Seeking included five measures that focused on a sense of adventure and individual differences in seeking stimulation or excitation, and the need for varied, novel, and complex sensations and experiences (e.g., see Zuckerman, 1979 ). This category is perhaps more closely associated with thrill-seeking, impulsive, and risk-taking behaviors than are other investment traits. The category also refers to exploration outside the cognitive-intellectual domain and, thus, may even be predictive of physically harmful experiences. The category Openness included four scales, all of which referred in part to aesthetic awareness and open imagination. It is distinct from Absorption, which was defined by three scales suggesting a tendency for immersion experiences, because Openness predominantly assesses sensitivity to and perception of one's surroundings rather than "being lost" in an experience (McCrae, 1994) . Another category was Ambiguity, defined by three scales that emphasized individual differences in the tolerance for uncertainty and the enjoyment of vagueness and the unknown. A final scale or category was Social Curiosity (i.e., a tendency to seek people related information, perhaps even gossip), which did not fit within any of the other trait categories. The seven "lower order" clusters of Intellectual Curiosity, Abstract Thinking, Openness, Absorption, Ambiguity, Novelty Seeking. and Social Curiosity are likely to differ in how closely they are associated with the higher order dimension of investment. Similarly, they might be related to slightly different kinds of adult intelligence and knowledge. For example, novelty seeking is probably conducive to learning about adventure sports, whereas abstract thinking may lead to establishing a collection of philosophy books.
Meta-Analysis
Psychological and Pedagogical Methods
For assessment of intelligence, Binet and Simon (1905/1961 ) differentiated the psychological method, which aims to make direct observations and measurements of the degree of intelligence, and the pedagogical method, which judges intelligence according to the sum of acquired knowledge (for a discussion, see Ackerman, 1996) . This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
aspects regardless of the "two kinds of intelligence" (Ackerman, 1996 (Ackerman, , 2000 Carroll, 1993) . The asymmetry in assessment results from two central premises of early intelligence research: Mental ability is innate and stable across the life span (e.g., Terman, 1916) . Later empirical research demonstrated that both of these notions are questionable (Nisbett et al., 2012 ; for detailed discussions, see also Sternberg & Grigorenko, 2005; Nisbett, 2009) . Focusing on the life-span stability of intelligence, longitudinal studies have shown that intelligence in childhood and adulthood is highly correlated (e.g., Deary et al., 2000; Larsen, Hartmann, & Nyborg, 2008) . However, test scores show substantial intraindividual variance across time (e.g., Larsen et al., 2008; Ramsden et al., 2011) , and so do developmental trajectories of cognitive ability (e.g., Bayley, 1955 Bayley, , 1968 . Although the evidence for the life-span stability of pedagogical intelligence (i.e., knowledge) is comparatively sparse, it has been referred to as "the locus of the 'dark matter' of adult [intellect]" (Ackerman, 2000, p. 69) . Thus, assessments of adult intellect should entail aspects of academic study, active engagement in society (e.g., government functioning), occupational knowledge (e.g., specific skills and technical understanding), and knowledge associated with avocational hobbies (e.g., literature or music; Ackerman, 2000) . Adult intellect is a multidimensional construct that covers a wide range of information and expertise, and it varies greatly across individuals. The variability, specialist nature, and breadth of knowledge complicate a nomothetic research approach. Cattell (1987, p. 143) observed that in the twenty years following school, the judgmental skills one should properly be measuring as the expression of learning by fluid ability must become different for different people. If these are sufficiently varied and lack a common core, the very concept of general intelligence begins to disappear.
To ensure a comprehensive and reliable operationalization of intelligence-as-knowledge, we selected several markers of typical adult intellect for the current meta-analysis, including college entry tests, indicators of academic performance, measures of crystallized intelligence, and pedagogical (i.e., knowledge) assessments. As mentioned before, these markers, like any other measures of ability, typically capture both fluid and crystallized intelligence (Ackerman, 1996 (Ackerman, , 2000 Cattell, 1943) ; however, they are selected here because they are generally thought to be relatively more representative of crystallized than fluid aspects of intelligence.
Markers of Adult Intellect
College entry tests, such as the SAT (formerly Scholastic Aptitude Test) or the ACT (formerly American College Test), are typically completed at the end of high school and may represent the level of early adult intellect. Although they are designed to assess what a student has learned in high school (Lehman, 1999) , college entry tests have been shown to correlate highly with general intelligence (Frey & Detterman, 2004; Koenig, Frey, & Detterman, 2008) . Therefore, college entry tests may be more maximal than typical performance measures, capturing intelligence-as-process to a greater degree than intelligence-asknowledge. Nonetheless, we included college entry tests in our current review, partly to avoid omitting a substantial body of research. In particular, we chose to include the verbal scales of college entry tests, where available, which comprise more pedagogical measures than mathematical SAT scores do (Koenig et al., 2008) .
Intelligence tests-the psychological kind-were originally developed to predict individual differences in academic performance (Binet & Simon, 1905 /1961 , and account typically for about 40% of the variance in measures of academic success (e.g., Kuncel, Hezlett, & Ones, 2004; Poropat, 2009) . Academic performance includes typical (e.g., exam preparation time) and maximal performance tasks (e.g., exam completion) and, hence, represents both intellectual potential and accomplishment. In line with this, scholastic achievement is known to depend on a number of additional factors, such as motivation, zeal and effort, self-perceived ability, parental aspirations, and peer support (see Richardson, Abraham, & Bond, 2012) . In addition, investment traits have been shown to play an important role in academic performance (von Stumm, Hell, & Chamorro-Premuzic, 2011 ), which in turn has long-term effects on educational attainment and life-span development (Kern & Friedman, 2009) . Notwithstanding, academic performance data are typically collected in comparatively young adulthood, and thus, they may not be an ideal marker of adult intellect.
By definition, crystallized intelligence tests are designed to assess individual differences in knowledge acquired through education and experience, recommending them as adequate proxies of adult intellect (Carroll, 1993; Johnson & Bouchard, 2005) . Corresponding tests typically measure verbal ability, such as vocabulary, synonym understanding, verbal comprehension, and spelling ability (Carroll, 1993) . In addition, many intelligence test batteries, such as the Wechsler Adult Intelligence Scales (Wechsler, 1955) or the Differential Aptitude Test Battery (Bennett, Seashore, & Wesman, 1972) , include designated information and knowledge scales to assess crystallized ability, which possibly require a greater amount of culture-specific knowledge than vocabulary or synonym tests. Nonetheless, crystallized ability measures typically follow psychological rather than pedagogical test designs (e.g., they are often speeded). Furthermore, most crystallized ability tests assess consensus or core cultural knowledge, and thus, they are suboptimal measures of adult intellect because of their lack of depth and breadth (Ackerman, 1996) . By contrast, knowledge tests constitute better makers of adult intelligence, because of their pedagogical nature that assesses the "dark matter" of adult intelligence: domain-specific knowledge including aspects of academic study, active engagement in society (e.g., government functioning), occupational knowledge (e.g., specific skills and technical understanding), and knowledge associated with avocational hobbies (e.g., literature or music; Ackerman, 2000; . Few research studies have employed pedagogical knowledge tests, possibly because they require considerable time and effort in development and in administration (see .
In summary, markers of adult intellect differ in the extent to which they follow psychological or pedagogical methods and, with that, in how accurately they allow inferences of adult intellectual capability and maturity. College entry tests closely resemble maximum performance measures, and one might speculate that individual differences in corresponding test scores are best explained by general intelligence. Conversely, academic performance, crystallized intelligence, and knowledge are more closely related to intelligence as typical performance, as they capture intellect that This document is copyrighted by the American Psychological Association or one of its allied publishers.
has been developed and built over time, not during a few weeks of extensive rehearsals. That said, these intellect markers are also known to be influenced by a number of other variables, such as effort and zeal, and prior (fluid) intelligence. Therefore, it is likely that associations between investment and intellect are only of small or medium effect sizes because of the multitude of alternative factors that impact adult intellect.
The Current Meta-Analysis
Here we aimed to review and meta-analyze associations between investment traits and markers of adult intellect. Thus, literature searches were conducted to identify research studies that reported bivariate correlations between the previously listed investment traits (see Table 1 ) and intellect markers including crystallized intelligence, academic performance, college entry tests, and knowledge tests. We excluded studies that reported on Openness to Experience as higher order factor and focused on those that reported associations with Openness facets.
Method Database Search
We searched PsycINFO and ERIC databases for investment traits in relation to indicators of adult intellect using a Boolean search term: Investment trait AND (intelligence OR ability OR knowledge OR academic performance). General search terms were purposefully chosen to identify all studies that reported on associations of investment traits and indicators of adult intellect. When the respective investment trait was a subcomponent of a more comprehensive personality model or taxonomy, searches were run for (a) the trait (i.e., Absorption), (b) the full model or taxonomy name (i.e., Multidimensional Personality Questionnaire), and (c) the abbreviated model or taxonomy name (i.e., MPQ). The obtained hits included journal articles, dissertations, reports, books, and test manuals, whose references were also screened to ensure the completeness of the review. The searches were originally run between July and September 2008, and they were updated in December 2011. The searches returned 59,000 publications dated from 1900 to 2011, whose abstracts were evaluated for their relevance to the current research. Some of the current search terms are used in many research abstracts (e.g., knowledge and ability), resulting in a comparatively high number of returned hits. However, only a small fraction of the studies was relevant in the current research context; initially, 198 hits were retained, and full-text copies were obtained. 4 They were subsequently reevaluated with reference to the inclusion criteria outlined below.
Inclusion Criteria
Criteria for study inclusion in the meta-analysis were that (a) the target study reported bivariate correlations, in line with Hunter and Schmidt (1990) , who stated that "for multiple regression, factor analysis, and canonical correlation analysis, the zero-order correlation matrices are essential for accumulations across studies" (p. 505). Two selection criteria referred to sample characteristics; that is, (b) study samples had to be aged 16 years and above, excluding, for example, Harris, Vernon, and Jang's (2005) differentiation study with a sample of 516 twins ranged in age from 13 and 45 years; and (c) samples were not drawn from clinical or artificial or extremely restricted populations, such as new sect members (Delay, Pichot, Sadoun, & Perse, 1955) , drug users (Holroyd & Kahn, 1974) , and schizophrenics (Langevin, 1976) . Finally, (d) investment traits were assessed with self-rating personality measures but not implicit or association-based tests. For example, Hafeez (1952) employed a projective test of curiosity, and in Rossing's (1978) dissertation, individual differences in epistemic curiosity were assessed based on participants' ratings of surprise and desire for further knowledge in response to 10 brief accounts of psychology experiments; both studies were excluded.
With regard to the operationalization of the outcome variables, that is, indicators of adult intellect, inclusion criteria were less stringent. That is, studies of self-reported grade point average (e.g., Tolentino, Curry, & Leak, 1990) were included if the study's conditions made high validity of the self-report plausible (Kuncel, Credé, & Thomas, 2005) . Also, studies using self-reported general knowledge (e.g., Rolfhus & Ackerman, 1996; Woo et al., 2007) were included because of the exceptional psychometric properties of the respective self-report scales (Paulhus & Harms, 2004; Rolfhus & Ackerman, 1996) . Other studies were excluded, however, because the employed indicator of adult intellect proved inadequate after careful examination; for example, P. O'Connor's (1952) set of familiar, symbolic, and tricky syllogisms did not fit definitions of adult intellect and was excluded.
Studies were included regardless of their publication language; that is, most articles were published in English, but also nonEnglish reports were incorporated (e.g., Angleitner, 1973; Brengelmann & Brengelmann, 1960) . All studies were coded for investment traits, type of sample (student, adult, mixed, older adults and twins), and indicators of adult intellect. For the latter, vocabulary, information, and related ability tests were categorized as markers of crystallized intelligence in line with Carroll (1993) . Academic performance spanned measures of grade point average, course grades, exam marks, and dissertation project grades, and the category of college entry tests included ACT, SAT, and related college or university admission tests. Here coefficients from the verbal component of college entry tests were included when possible. Finally, assessments of knowledge included several test formats of subjective and objective knowledge; this category excluded, however, any tests or measures that are typically employed in intelligence test batteries strictly as markers of crystallized intelligence. 4 Target articles, books, and manuals were downloaded directly from the PsycINFO and ERIC databases. If electronic copies were unavailable, print copies were obtained. If neither electronic nor print copies were available, the articles' first authors were contacted to obtain a copy of their work. This strategy was not always successful because some authors were deceased, had left academia and were untraceable, or did not respond to repeated inquiries. For example, Bendig and Meyer (1963) published on the factorial structure of the Primary Mental Abilities and the GuilfordZimmerman Temperament Survey stating that the intercorrelation matrix was available on request from the first author. However, neither Bendig nor his coauthor could be located, and no contact details were available, which is hardly surprising considering that half a century has passed since Bendig and Meyer published. Overall, the number of unavailable articles was small. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Hunter and Schmidt (1990) listed 11 study artifacts that alter the size of a given study correlation in comparison to its true correlation or effect, referring to sampling error as the "most damaging artifact" (p. 44), which causes the study validity to vary randomly from the population value. A second, highly problematic artifact is measurement error, which refers to the systematic underestimation of bivariate associations because of measuring traits or constructs with imperfect reliability. Therefore, we corrected for both sampling and measurement error, and subsequently meta-analytic estimates were computed in fixed-and random-effects models.
Statistical Analysis
To correct for measurement error in both investment trait and indicator of adult intellect, we corrected correlation coefficients for scale reliabilities. For investment traits and tests of crystallized intelligence, reliabilities were either obtained from the given study or, if not reported, substituted with reliability estimates from the original validation studies, as stated in test manuals, research articles, and test guidance booklets. Of course, studies are likely to differ with regard to the reliability of their employed measures; however, when no reliability estimate is reported, substituting the value from original construct development studies is most adequate. Similarly for markers of academic performance, such as general point average and exam grades, and college entry tests, reliability estimates were obtained from various additional research sources. Typically, research studies do not report reliabilities or internal consistency values for academic performance measures. That said, Bacon and Bean (2006) reported college grade point average reliability at .90, whereas Stricker, Rock, Burton, Muraki, and Jirele (1994) estimated its internal consistency ranged from .64 to .99. Also, Kuncel et al. (2005) found that college grade point correlated with self-reported grade point average at .90. Thus, the reliability of grade point average was estimated here at .90. For other academic assessment markers, including continuous assessment, essay, and exam grades, Chamorro-Premuzic, Furnham and Ackerman (2006b) reported reliabilities of .78, .82, and .72, respectively. For various college entry tests, the reliability coefficient was estimated to be .90, based on Frey and Detterman's (2004) and Koenig et al.'s (2008) results as well as the official college exam reports.
Fixed-effects analysis requires the assumption that all included studies share a common effect size, whose variance primarily depends on each study's sample size (Borenstein, Hedges, & Rothstein, 2007) . That is, the fixed-effects model recognizes one level of sampling and of sampling error; because all studies are presumably sampled from the same population, sampling error must exclusively lie within studies. Therefore, weights are assigned to each study based on the inverse variance, which is proportional to the sample size but a more nuanced measure (Borenstein et al., 2007) . By contrast, a random-effects model assumes a distribution of true effects, representing the mean of a population of true effects (Borenstein et al., 2007) . Here two levels of sampling identify within-studies and between-studies sampling error. Therefore, the observed variance is decomposed into two components of sampling error, both of which are used to assign study weights. Borenstein et al. (2007) concluded that the relative weights assigned in a random-effects analysis would be more balanced and accurate than weights in a fixed-effects analysis. In the current review, the included studies are not functionally identical, and the assumption that sampling error lies only within studies cannot hold. If the number of included studies is small, however, it may not be viable to estimate the between-studies variance with any precision. According to Schulze (2004) , random-effects model estimations are not reliable until at least 32 coefficients are included. As this number of studies is presently not given for any investment trait and indicator of adult intellect (see below), both random-and fixed-effects estimates are reported.
Cochran's Q refers to the weighted sum of squared differences between the effect of an individual study and the pooled effect across studies (Hunter & Schmidt, 1990) . A significant Q statistic suggests that more than one distribution may underlie the sample of correlations and that pooling the data into a single estimate may be inappropriate. The Q statistic is, however, sensitive to the number of participants, and even small variations among the sample correlations can result in significant heterogeneity in large samples (Hedges & Olkin, 1985) .
Results
Database Search
Overall, 112 studies satisfied the aforementioned inclusion criteria, resulting in 234 bivariate coefficients and a total sample size of 60,097. Overall, 192 coefficients were derived from student samples, whereas 32 were from general adult populations including twins, 11 came from elderly samples, and four samples were not defined in any way. In Appendix B, we summarize all included studies according to investment trait, reporting authors, sample size, and outcome variable (i.e., indicator of adult intellect).
Research studies reporting investment-intellect associations were found for 28 out of 34 previously identified investment trait constructs (i.e., Table 2 ). The number of identified, adequate studies for a given investment trait ranged from a minimum of one (e.g., the Analytical Cluster from the Jackson Personality Inventory; Jackson, 1976 ) to a maximum of 42 studies for Need for Cognition (Cacioppo & Petty, 1982) . Overall, Intolerance for Ambiguity, Need for Cognition, Intellectual Efficiency, Thoughtfulness, and Typical Intellectual Engagement were the most frequently studied traits with reference to intellect. The most often employed indicators of adult intellect were crystallized intelligence tests and academic performance, whereas knowledge measures were comparatively rarely studied.
Meta-Analysis Results
In Table 3 , we report the meta-analytic associations of investment traits with indicators of adult intellect. Out of 112 possible associations (28 investment traits ϫ 4 indicators of intellect), only 64 cells were filled, and of those, 43 comprised aggregated coefficients. The number of identified studies was too scarce to compute meta-analytic coefficients for any given trait and all four indicators of intellect separately. However, bivariate associations of Intellectual Efficiency, Intolerance for Ambiguity, Need for Cognition, and Typical Intellectual Investment could be metaanalyzed with reference to three indicators of adult intellect, whereas for all remaining trait scales only one or two adult intellect correlations were supported by a satisfactory number of studies.
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Out of 43 aggregated coefficients, 9 were nonsignificant (p Ͻ .05), with the corresponding confidence intervals of 95% including 0, whereas all others were significant and in a positive direction. Note that meta-analytic correlations of intellect indicators and Need for Closure and Intolerance for Ambiguity were negative, which is owed to the reverse meaning of these two scales compared to the other investment traits; corresponding results are herein interpreted as positive effects.
Aggregated coefficients ranged from approximating 0 to a maximum value of above .50 (for the relationships of the Openness to Experience facets of Ideas and Values with crystallized intelligence). Estimates were generally invariant across fixed-and random-effects conditions, with a maximum difference of .06 between both corrected mean coefficients (e.g., Need for Cognition and crystallized intelligence). Confidence intervals of 95% were also similar in fixed-and random-effects models; in cases where the models differed, the confidence intervals in randomeffects models tended to be wider than intervals from fixed-effects models, in line with previous research (Hunter & Schmidt, 2000) . Out of 43 meta-analytic estimates, 19 were associated with a significant Q statistic (p Ͻ .05), which suggested that it may be inappropriate to pool the data in order to obtain overall estimates (Hedges & Olkin, 1985) .
For crystallized intelligence as marker of intellect, significant associations were observed with Intolerance for Ambiguity, Intellectual Efficiency, Intellectual Disposition, Need for Cognition, Typical Intellectual Engagement, Understanding, and all Openness facets except Actions, which centered around the ϭ .30 mark in fixed-and random-effects models, ranging from .13 to .58. Smaller but significant effects were observed for Need for Closure with ϭ Ϫ.13 in fixed-and random-effects models. For Sentience, Curiosity, and Absorption, however, nonsignificant correlations were observed (see Table 3 ).
Investment traits were also positively associated with academic performance with significant estimates ranging from .08 to .29 for Absorption, Academic Curiosity, Intellectual Efficiency, Intellectual Disposition, Need for Cognition, Thoughtfulness, Typical Intellectual Engagement, and the Openness facets of Aesthetics, Feelings, and Ideas. Nonsignificant estimates were found for Intolerance for Ambiguity, the California Critical Thinking Inventory, and the Openness facets of Actions, Fantasy, and Values.
Regarding college entry tests, significant correlations around .30 were found for Intolerance for Ambiguity, Intellectual Efficiency, Intellectual Disposition, Need for Cognition, Novelty Experiencing Internal Cognition, Sensation Seeking, and Thoughtfulness. Less strong, but still significantly positively associated investment traits included Novelty Experiencing Internal Sensation, Stimulus Variation Seeking, Absorption, and the California Critical Thinking Inventory. Nonsignificant correlations were estimated for the Novelty Experiencing scales of External Cognition and External Sensations. Note that the modest magnitude and nonsignificant estimates occurred mostly when pooling only two coefficients.
Knowledge has been most frequently studied with regard to Typical Intellectual Engagement; across seven studies, a significant meta-analytic estimate of .38 was observed in fixed-and random-effects models. For no other trait construct did we find multiple studies that reported on associations with knowledge. Overall, the results suggested positive, moderate associations between investment traits and indicators of adult intellect.
Discussion
With the current meta-analysis, we sought to quantify the association between investment traits and adult intellect across studies and intellect markers, including college entry tests, academic performance, measures of crystallized intelligence, and assessments of knowledge. Before discussing the substantive findings of the meta-analysis, it is important to note that a comparatively small number of research studies was identified that reported investment-intellect correlations. Therefore, it was impossible to conduct a complete meta-analysis of the previously identified investment traits (see Table 1 ) in relation to adult intellect. This scarcity of data is somewhat counterintuitive considering the large number of identified investment trait constructs. It is, however, consistent with the traditional perspective that intelligence and personality constitute independent entities that are best studied by distinctive methods, in separate contexts, and following different research agendas (e.g., Penke et al., 2007; von Stumm, ChamorroPremuzic, & Ackerman, 2011; Zeidner & Matthews, 2000) . Because the small number of pooled meta-analytic estimates makes it 1  4  5  Sentience  2  2  Stimulus Variation Seeking Scale  2  2  Thoughtfulness  1  4  8  13  Typical Intellectual Engagement  7  1  3  7  18  Understanding  3  3  Total  78  61  86  9  234 Note. Empty cells represent associations for which no empirical evidence was identified in the research literature. Gc ϭ crystallized intelligence; AP ϭ academic performance; CET ϭ college entry tests; K ϭ knowledge tests; CCTDI ϭ California This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
difficult to interpret the current results, we focus our discussion on the four investment traits that have been most frequently studied with regard to adult intellect, that is, Intolerance for Ambiguity 5 (e.g., Frenkel-Brunswik, 1949) , Intellectual Efficiency (Gough, 1953) , Need for Cognition (Cacioppo & Petty, 1982) , and Typical Intellectual Engagement (Goff & Ackerman, 1992) . Their metaanalytic associations with crystallized intelligence ranged from .28 to .42, for academic performance from .13 to .29, and for college entry tests from .26 to .33. For knowledge, a sufficient number of studies reporting associations were only published for Typical Intellectual Engagement with an overall estimate of .38. These results suggest that investment traits and adult intellect markers have a sizable, positive relationship. That said, adult intellect is likely to be affected by a number of determinants, such as general ability, motivation, and effort. Also, contextual factors-such as school quality, discrimination, and stereotype threat-may play an important role when interpreting the current findings with regard to the nature of adult intellect. Therefore, although the estimated effects of individual differences in investment on adult intellect appear modest on a first look, they may be considered quite substantial when reflecting on other determinants of adult intellect. In summary, our findings lead to three main conclusions: (a) investment personality traits are significantly positively associated with markers of adult intelligence; (b) associations of investment traits and intellect indictors differ in strength but not in direction; and (c) investment traits are conceptually diverse and multifaceted.
Limitations
The first limitation refers to the question whether the observed relationship between investment and intellect is merely a byproduct of general intelligence. It is possible that intelligent behaviors, such as reading, attending cultural events, and practicing one's cognitive ability, are consequences of being intelligent rather than of an investment personality trait (Gow et al., 2005) . Our analysis does not allow for conclusions about the extent to which intelligence may explain the association between investment traits and intellect markers. Although meta-analytic studies, like the current one, have inadequate designs to control for confounding variables (especially when the number of relevant articles is as small as here), several empirical studies have demonstrated independence of effects of investment and intelligence intellect or markers thereof (e.g., Ackerman et al., 1995; Chamorro-Premuzic, Furnham, & Ackerman, 2006a; Chamorro-Premuzic et al., 2006b; Goff & Ackerman, 1992) . In addition, von Stumm, Hell, and Chamorro-Premuzic (2011) recently demonstrated the importance 5 Intolerance for Ambiguity is here treated as Tolerance for Ambiguity. Jackson, 1976) , not from F. Barron's (1953) measure. Intolerance for Ambiguity also refers to studies of Tolerance for Ambiguity (MacDonald, 1970) ; corresponding coefficients were reversed in sign. Empty cells mark associations that were not empirically reported on in the literature. FE / RE refers the meta-analytic coefficient corrected for sampling and measurement error in fixed-and random-effects models, except for cases in which only one coefficient was identified for a given association. In those cases, the one study's coefficient was corrected for measurement error. k refers to the number of studies, with the overall sample size in parentheses. CI FE /CI RE refers to confidence intervals of 95% in fixed-and random-effects models, respectively. Q is the Q statistic value. Gc ϭ crystallized intelligence; AP ϭ academic performance; CET ϭ college entry tests; K ϭ knowledge tests; CCTDI ϭ California Critical Thinking Disposition Inventory; EC ϭ External Cognitive; IC ϭ Internal Cognitive; ES ϭ External Sensation; IS ϭ Internal Sensation. a Studies included under curiosity all employed self-report measures that emphasized exploration and absorption. The studies included were Day and Langevin (1969) and Poortinga and Foden (1975) This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
of investment for academic performance, based on a large-scale literature review. Testing a series of structural equation models based on a meta-analytic correlation matrix derived from 200 studies with more than 50,000 participants, they reported that intelligence and investment were positively but modestly correlated predictors of academic achievement, and after controlling for their interrelation, investment sustained a significant direct effect.
Other studies suggest that this observation also holds true for crystallized intelligence, college entry tests, and knowledge (e.g., Goff & Ackerman, 1992; . Even though the current review does not lend itself to explore the confounding effect of intelligence for investment-intellect associations, our results are consistent with previous findings. We do not mean to say that general intelligence and intellectual curiosity are completely independent; by contrast, we suspect that they develop and operate in relation to one another. However, most research on investment theories (including ours) is cross-sectional, and therefore, ideas about longitudinal developments remain speculative. A second limitation refers to the included markers of intellect that spanned crystallized intelligence, academic performance, college entry tests, and knowledge measures but omitted others, such as professional performance and occupational and avocational knowledge (see Ackerman, 1996 Ackerman, , 2000 Cattell, 1943) . However, we concluded that extending the selection of markers of adult intellect even further was not going to meaningfully substantiate the current findings because of a general scarcity of studies that explore investment traits.
A third limitation is the observed heterogeneity between studies, which principally warrants a cautious interpretation of the current findings. One reason for the observed heterogeneity may be that some investment traits have been assessed by different scales with different foci despite supposedly assessing the same trait dimension. For example, three psychometric instruments assessed Intolerance for Ambiguity, including Brengelmann and Brengelmann's (1960) , Budner's (1962) , and MacDonald's (1970) scales, although the construct was originally introduced and defined by Frenkel-Brunswik (1949) . Brengelmann and Brengelmann's measure is rather distinct from Budner's and MacDonald's with regard to the scale items and content. In turn, Budner and MacDonald included very similar items in their Intolerance for Ambiguity scales. That is, Budner and MacDonald addressed individual differences in black-and-white perspectives, discomfort in social situations with strangers, preference for universal rules and regulations, and pleasure in cognitively exploring ideas. By contrast, Brengelmann and Brengelmann's measure resembles more a conservative values scale with items referring to respect for the elderly, gender equality, and the uncertainty of modern times. To date, no study has investigated the empirical overlap of these three measures, 6 and therefore the extent of their divergence remains unknown.
Alternatively, the observed between-studies heterogeneity may have resulted from systematic differences between studies. Potential moderating variables include sex, sample type, degree level, and date of publication. However, the scarcity of studies that reported investment-intellect associations, as well as incomplete sample and study descriptions, provided a small number of data points upon which no meaningful moderator analysis could be conducted.
Finally, the current meta-analysis did not correct for range restriction, which is likely to affect the intellect markers rather than investment trait scales. Although no previous study has addressed this issue in particular, investment trait scales typically show stable standard deviations across student and adult samples of mixed ages and origins and have no floor or ceiling effects. Thus, it is possible that the derived meta-analytic coefficients are somewhat underestimated because of range restriction; such effects appear to apply to the intellect markers rather than the investment measures.
Implications and Future Directions
Several large-scale longitudinal studies have been dedicated to understanding and exploring individual differences in cognitive development across adulthood and the life span (e.g., Bayley, 1955; Schaie, 2005; Terman & Oden, 1959) . However, they tended to focus on age-related changes in cognitive performance but did not address influences from personality traits (see Salthouse, 1991 , for a review). Thus, the relationship between personality (i.e., investment traits) and intelligence (i.e., adult intellect) to date has been mostly explored in cross-sectional studies. The few exceptions to this have employed highly selected samples, such as very old populations (Gow et al., 2005; von Stumm & Deary, 2012) .
Because intelligence-personality associations are likely to have complex relationships, the previous correlational evidence may be suggestive, rather than definitive (von Stumm, ChamorroPremuzic, & Ackerman, 2011) . In particular, the interplay of intelligence and personality must be studied with longitudinal research designs that include a wide range of psychological, social, and demographic variables, to disentangle interaction, mediation, and moderation mechanisms in trajectories of cognitive development (Bayley, 1955; Schaie, 2005) . Presumably because of the historical premises of intelligence research (i.e., the innateness and life-span stability of cognitive ability), contemporary study efforts mostly focus on the identification of biological and genetic underpinnings of individual differences in intelligence (e.g., Plomin et al., 2008) . Even so, intelligence and, for that matter, any other psychological traits are influenced by environmental factors, and they are more or less malleable across the life span-more so at younger ages, and less so in adolescence and beyond (Nisbett et al., 2012) .
Akin to the idea that intelligence follows a life-span developmental process and is subject to change, investment-related behaviors and attitudes are likely to develop and change. That is, they may be susceptible to encouragement and stimulation. Although there is no doubt that genetic factors partly explain variances in the tendency to engage in and seek effortful cognitive activity, the expression of such biological differences in investment-just like those in intelligence-is likely to depend greatly on the given environmental provisions (Hayes, 1962; Nisbett et al., 2012; Plomin et al., 2008; Scarr, 1996) . For example, a tree might have the genes to grow 100 m high, but if it does not get enough sunshine and water, it will only grow half the way. Similarly, a boy with the genetic potential to come first in a spelling competition may fall short of such an accomplishment if he is raised in a household 6 Furnham (1994) studied correlations of four Intolerance for Ambiguity measures, but only one of them- Budner's (1962) scale-was also relevant to the current meta-analysis. This document is copyrighted by the American Psychological Association or one of its allied publishers.
without books. Obviously, these are extreme examples of environmental deprivation, and the degree to which environmental provision differs between families is debatable (especially in Western society; cf. Scarr, 1996) . However, a series of recent studies suggested that comparable mechanisms apply to intellectual development in children and adolescents; that is, families vary with regard to the amount and quality of learning opportunities they offer and, hence, in the extent to which children have chances to actually invest (Nisbett et al., 2012; Tucker-Drob & Harden, 2011) . For example, children who are offered a diverse range of engagement opportunities (e.g., piano lessons, reading clubs, museum visits) tend to grow intellectually because of the experience and simultaneously to develop an appetite for more (e.g., B. Barron, Martin, Takeuchi, & Fithian, 2009) . Such children are more likely to establish a competence in exploration and curiosity.
Here the disposition to seek out and engage in effortful cognitive activities becomes a force of intellectual maturity itself that continues to benefit cognitive growth, even long after stopping to play the piano (as most people do). As outlined before, investment traits represent a tendency to engage, but such traits do not suggest a prescribed set of investment behaviors, like going to the theater or attending evening classes. In line with this, future (longitudinal) research must focus on the nature and malleability of investment trait dispositions and behaviors, as well as their relative contributions to intellectual development and growth across the life span.
Conclusions
This review article sought to quantify the extent to which personality traits, in particular investment traits, are associated with adult intellect. The results suggested that although several investment trait constructs exist in the psychological literature, their associations with indicators of intellect have not been a core research interest to date. The strength of association varied markedly across investment trait scales and indicators of intellect. However, overall, investment traits were found to be positively and moderately associated with markers of adult intellect at about .30. Combining our current and other research findings, it appears as if investment comprised a crucial, presently overlooked factor in life-span cognitive development. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
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